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Abstract 



A microphone apparatus having a microphone for producing a desired audio signal, and an adaptive signal processing 
section which is supplied as a reference signal with a vibration detected signal from a vibration detecting circuit for 
producing the vibration detected signal in response to a vibration of a vibration generating source whose vibration is picked 
up by the microphone and becomes an undesired noise signal, or a control signal for controlling a drive source of a driving 
unit of a recording apparatus for rec ording an output signal from the microphone and which reduces a noise signal 



contained in the audio signal. 
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(g) Microphone apparatus. 

is}) A microphone apparatus liaving a microphone for producing a desired audio s^nal. and an adaptive 
signal processing secfion which Is supplied as a reference signal with a vibratfon detected sigr^ trom a 
vibration detecting drcuit for producing the vibration detected signal In response to a vibration of a 
vibration generating source whose vibration is picked up by the microphone and becomes an undesired 
noise signal, or a control signal for controlling a drive source of a driving unit of a recording apparahJS 
for recording an output signal from the microphone and which reduces a noise signal contained In the 
audto signal. 
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The present Invention generally relates to micro- 
phones and, more partloulaHy, Is directed to a micro- 
phone apparatus suitable for reducing undeslred 
noise signals by adaptive signal processing. 

in equipment which has a bulltin mlcrpphpne, 
such as a video tape recorder having a bullt-ln type 
camera or the like, the microphone has a tendency to 
pick up unnecessary noise signals generated within 
the equipment (its mechanical system) or from outer 
vibration generating sources, in addition to the des- 
ired audio signal. 

That Is, the microphone may pick up vibration 
(intemal vibration) of a driving secUon of the video 
tape recorder, producing noise In the recording. As 
another example, when a recorder is placed on a desk 
and when any vibration (external vibration) is applied 
to the desk, the vlbratton Is picked up as noise. 

To solve this problem, the microphone is desig- 
ned to have directivity with a low sensitivity to ext- 
raneous noise and is mounted to be positioned as far 
as possible irm the noise source. However, since the 
reduction In noise is not complete, the noise may still 
be audible In the recording. Also, when an external 
vibration is directly applied to the microphone, that 
vibration is picked up as noise. 

To overcome this disadvantage. It Is known to use 
adaptive signal processing, in which the noise signal 
picked up and produced from the microphone Is elec- 
trically processed and reduced. As will be understood 
Itom figure 1 of the accompanying drawings, an adap- 
tWe filter 11 used in the adaptive signal processing 
includes (K-1) delay elements (for every clock) 20 
and K variable amplifiers 30 .... The first amplifier 30 
(leftmost one in figure 1) is directly supplied with a 
reference signal ni and the succeeding amplifiers 30 
are respectively supplied with the reference signal ni 
through the associated delay elements 20. 

Assuming that Wk is the coefficient of the adapthre 
filter 1 1 and also assuming that t Is time and that t-1 
Is the time of the preceding dock period, then the fol- 
lowing equation (1) wHI be established between coef- 
ficients end Wk,H: 

Wk o W|i,|.i ♦ 2u6|.ixNik.vi (1) 

Then, the ooefRctents Wk are changed, and each 
time they are changed, a filter associated with the 
reference signal ni Is formed. 

The adaptive filter 11 Is proposed In [B Widrow 
and S D Steams: •Adaptive Signal Processing", Pre- 
ntice-Hall, 19851. [Digital signal- processing - adv- 
anced course, <adaptive signal processings Joumal 
of 35tti Technical Lecture Meeting held by Acoustical 
Society of Japan], eto. 

In tiie adaptive signal processing, however, tiie 
anrK)unt of noise signal reduction depends on a refer- 
ence signal necessary for such processing, and tiius 
tiiere is a problem of how to select the reference sig- 
nal. 

Accordingly, It is an object of the present Inven- 



tion to provMe an Improved microphone apparatus In 
which tiie aforenoted shortcomings and disadvan- 
tages of the prior art can be ellmlnatBd, 

A first aspect of ttie Invention provides a micro- 
s phone apparatus comprising: 

a microphone for producing a deslreid audio sig* 

nel; 

vibration detecting means for producing a vib- 
ration detected signal In response to a vibration of a 
10 vibration generating source which generates a vib- 
ration picked up by said microphone to produce an 
undeslred noise signal; and 

an adaptive signal processing section arranged 
to be supplied witii said vibratton detected signal as 
15 a reference signal and operative to reduce saki noise 
signal conteined in said audto signal. 

A second aspect of the Invention provides a 
microphone apparatus comprising; 

a microphone forsupplying a desired audio signal 
20 to a recording apparatus having a driving unit; and 

an adaptive signal processing section for reduc- 
ing an undeslred noise signal of noise generated from 
said driving unit picked up and produced by said 
microphone on tite basis of a predetenmlned 'refer- 
as ence signal, wherein said adaptive signal processing 
section tsanranged to be supplied wifli a oontrel signal 
supplied to a driving source of said drive unit as said 
reference signal. 

A third aspect of the Invention provides a record- 
90 Ing apparatus having a recording mechanism for 
recording an output signal from a mterophone, com- 
prising: 

vibration detecting means for producing a vit>- 
ration detected signal In response to a vibration of a 
35 vibration generating source which generates a vib- 
ration picked up by said microphone to produce an 
undeslred noise signal; and 

an adaptive signal processing secUon anranged 
to be supplied wittt sakl vibration detected signal as 
40 a reference signal and operative to reduce saM noise 
signal conteined In said audio signal. 
. Afourth aspect of the invention provides a record- 
ing apparatus having a recording mechanism for 
recording an output signal from a microphone conv 
4$ prising: 

an adaptive signal processing section for reduc- 
ing an undeslred notes signal of noise generated from 
said recording mechanism, picked up and produced 
by said microphone on the baste of a predetermined 
50 reference signal, wherein sakl adaptive signal proces- 
sing section Is anranged to be supplied witti a control 
signal supplied to a driving source of said recording 
mechanism as said reference signal. 

The invention will be further described by way of 
55 non-IImltetlve example witti reference to ttie accom- 
panying drawings, in which:- 

Flgure 1 te a conceptual diagram of an adaptive 
filter, and to which references wOl be made in exp- 
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lalning ftjnctlon or the like of this adaptive fllten 
Figure 2 Is a aohematio diagram ahowing an 
arrangement of a firat embodiment of a mloro- 
phone appatatua aocordlng to the present Inven* 
tlon; 

Figure 3 Is a schematic diagram showing an 
arrangement of aaecond embodiment of a micro- 
phone apparatua according to the present Inven- 
tion; 

Figure 4 is a schematic diagram showing an io 
arrangement of a third embodiment of the micro- 
phone apparatus according to the present Inven- 
tion; 

Figure 5 is a con-elative diagram showing a spec- 
trum provided when a video tape recorder having is 
a buQt-In camera Is In the recording mode; 
Figure 6 is a oon^lath^e diagram showing a spec- 
trum of a signal nt; 

Figure 7 is a conrelattve diagram showing a speo- 
trum of a signal processed by an adaptive signal 20 
processing cbcult; 

Figure 8 Is a schematic diagram showing an 
arrangement of afourth embodiment of the micro- 
phone apparatus according to the prssent inven- 
tion; 25 
Rgure 9 Is a schematic diagram used to explain 
a noise signal and a reference signal; ' 
Rgure 10 Is a conBlative diagram showing a 
spectrum provided when a video tape recorder 
having a built-in camera is in the recording mode; 30 
Figure 11 Is a correlatWe diagram showing a 
spectrum of the signal ni ; 
Figure 12 is a correlative diagram showing a 
spectrum of a signal processed by an adaptive 
signal processing circuit; and 35 
Rgure 13 Is a schematic diagram showing an 
arrangement of a fifth embodiment of the micro- 
phone apparatus according to the present Inven- 
tion. 

The preferred embodiments of the microphone 40 
apparatus according to the Invention win now be des- 
cribed with referance to the accompanying drawings. 

Figure 2 generally shows a schematic block diag- 
ram of a microphone apparatus 101 to which the pre- 
sent invention is applied. A microphone 103 picks up 4S 
a desired sound such as human voice and or the like 
produces an audio signal S, and the microphone 103 _ 
also picks up noise (vibration) generated from a vib- 
ration generating source and produces a noise signal 
no. so 

The audio signal S and the noise signal no are 
mixed and supplied to an adder 109, and the output 
of the adder 109 is supplied to a recording system, not 
shown, through a tenminal 110 and also to an adaptive 
filter 111- « 

Vibration may generally be generated when the 
drive unit of, for example, a video tape recorder hav- 
ing a built-in camera In which the above menttoned 



microphone apparatus 101 b provided to operated 

(vibration Is generated from Internally by the meohan* 
ism); and when a vibration Is applied to a desk on 
which the microphone apparatua 101 la placed (eg, if 
a person tape the desk, a vibration la generated firom 
the outside). 

Accordingly, vibration detecting means (pickup) 
1 13 formed of piezoelectric elements or the IBce which 
respond to the vibration from the vibration generating 
source to generate a vibration detected signal ni is 
located as shown in figures 2 and 3 at a position so 
as to detect tfie vibration generated from tiie inside, 
for example, from an auto-focusing motor 102 and a 
zooming motor 104 of, for example, ttie video tape 
recorder having a built-in camera 100 (ie, near tiie 
motor or the gear), and as shown In figure 4 at a posi- 
tion to detect ttie vibration generated firom the outskle, 
or tiie desk 106. 

As will be understood from figure 5, when the 
vkJeo tape recorder having a built-in camera 100 is in 
tiie recording mode (pickup 1 13 Is mounted on a flexi- 
ble board mountsd on a rotary drum), a noise signal 
no having a spectrum having peak values At, Aa. Aq 
and Ai Is generated. The spectrum of the signal n^ 
produced firom tiie output of ttie pickup 113 has a 
plurality of peak values Ai, A2, A3 and A4 as shown In 
figuris 6. However, ttiese peak values are removed by 
the adaptive signal processing in ttie adaptive filter 
1 1 1 or tiie like (adaptive signal processing unit) firom 
the spectrum of the noise signal no which is produced 
from tiie vkleo tape recorder having a built-in camera 
1 00 as wai be understood firom figure 7. 

As described above, according to the above 
embodiments, ttie output signal ni of ttie pickup 113 
Is used as ttie reference signal n^ so ttiat ttie peak 
values Ai, A2. As and A4 of ttie noise signal no are 
removed by the adaptive signal processing unit such 
as ttie adapth^e filter 11 1 or the like. 

Consequenfly, ttie noise signal no can be properly 
reduced and thus, the audk> signal can be satisfac- 
torily reproduced. 

As wSI be seen from figures 2 and 3 which shows 
the first and second embodiments of ttie present 
Invention, when ttie pickup 113 detects ttie vibration 
of tiie autD-fbcusing motor 1 02 or ttie zooming motor 
104, a switch 200 is interposed between the output 
tenminal of the adder 109 and ttie Input terminal of ttie 
adaptive filter 111 and ttie switch 200 to closed only 
when the auto-focusing motor 102 or the zooming 
motor 104 is driven. Thus, since ttie adaptive signal 
processing Is effected only when the motor 1 02 or ttie 
motor 104 is drh^en. ttie sound of the auto-focusing 
drive anti of ttie zoom drive can be reliably removed 
and useless power consumptton is suppressed, and 
the adaptive signal processing is effectively perfor- 
med* 

In addition, if an attempt were made to reduce 
noise signal no, for example. In an analog circuit, tiie 
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gain adjustment in the microphone 1 03 and the picloup 
113 would be difficult, and the noise signal no would 
not be reduced enough if the adjustment were Inap- 
propriate. However, in this embodiment, the adaptive 
signal processing is performed so that the noise sig- 5 
nal no can be easily and reliably reduced. 

Further, even though the reproduced sound from 
the speaker contains, for example, both musical 
sound and noise. It Is frequently observed that human 
auditory sense cannot distinguish the noise from the io 
musical sound if the volume of the musical sound 
exceeds a certain level. 

Therefore, In this case, the adaptive signal pro- 
cessing Is not necessarily made and the adaptive sig- 
nal processing may be perfomied only when the level 16 
of musical sound, or the level of the audio signal S Is 
below a certain level. 

In other words, tiie adaptive signal processing 
may be performed only when the level of the audio sig- 
nal (containing the noise signal no) is below a certain 20 
nhreshold value" and the level of the threshold value" 
may be properly selected or set In accordance with 
the kind (human voice, music and so on) of the audio 
signals or the like. 

As will be understood from figure 3. in this case, 26 
the output of the microphone 103 is supplied to a level 
detector 150. wherein the level thereof is detected, 
and the output of tiie level detector 150 is supplied to 
an amplifier 160. changing the amplification factor ^ 
oftiie amplifier 160. 

The output €k of the adder 109 Is amplifier Into 
^€k by the amplifier 1 60 and then fed to the adapthre 
filter 1 1 1 through the switch 200. 

In that case, if tiie detected level Is large, the 
ampimcatton factor |i Is made smaD, while If tiie level 
is small, tiie amplification factor \l is made large. 

According to ttie above arrangement, only when 
tiie level detector 1 50 detects that tiie level of tiie sig- 
nal [S -I- no] Is smaller than a certain tiireshold value, 
is adaptive signal processing performed by the adap- 
tive filter 111 or the like. 

Accordingly, tills embodiment achieves substan- 
tially the same effect as that of tiie first embodiment, 
and since no useless power is consumed or the like, 
the adaptive signal processing is effectively perfor- 
med. 

In tills case, the switch 200 need not always be 
provkled. 

On tiie other hand, as will be seen from figure 4, 
tiie arrangement of tiie third embodiment In which Uie 
pickup 113 detects tiie vibration of the desk 106 is 
effective when ttie desk 106 is tapped and so on or 
particularly when an Inadvertent vibratton is produced 
as ttie noise signal no from ttie microphone 103. 

That is. aitiiough such a case may occur tiiat the 
main audto signal S, cannot be distinguished due to 
tiie Inadvertent noise signal no. by supplying ttie out- 
put signal of ttie pickup 113 to ttie adaptive filter 111 



as the reference signal nt, the noise signal no can be 
almost completely removed, thus the audio signal S 
being satisfactorily reproduced. 

Ottier embodiments of the microphone apparatus 
according to the present invention will now be des- 
cribed with reference to the following drawings. 

Figure 8 generally shows a schematic diagram of 
a fourtii embodiment of the mtorophone apparatus 
201 according to the present Invention. 

As shown in figure 8, a microphone 203 picks up 
a desired sound such as human voice or the like from 
a sound generating source 205 and produces an 
audio signal S. The microphone 203 also picks up 
noise generated from a mechanical system 207 and 
produceis a noise signal no. 

The audio signal S and the noise signal no are 
added and supplied to an adder 209, and an output of 
ttie adder 209 is supplied through a terminal 210 to a 
recording system not shown and also to an adaptive 
filter 211, 

A control signal ni is used to control a drum drive 
motor (drive source) of ttie mechanteal system 207 of 
a video tape recorder having a built-in camera or the 
like and supplied from a drive source control signal 
providing circuit 213 to the motor of the mechanical 
system 207 and also to the adaptive filter 21 1 . 

In tiiat case, ttie motor Is controlled by tiiree- 
phase electrical signals U. V and W as will be seen 
from figure 9, and a signal (trapezoidal wave), which 
results from mbcing ttiese signals U, V and W via resis- 
tors R (100 is supplied to ttie adaptive filter 211 
as a reference signal n^, thereby the adaptive filter 
211 producing an output of opposite phase, which Is 
fed to tiie adder 209. 

The reference signal nt may be a counter elec- 
tromotive force of ttie mbced signal of ttie ttiree signals 
U.VandW. 

As seen from figure 10, when tiie video tape 
recorder having a built-in camera is in tiie recording 
mode, a noise signal no of a spectram having peak 
values Ai, A2, A3 and A4 Is produced, and a spectmm 
of tiie mbced signal ni has a plurality of peak values 
as seen from figure 11. However, as a result of the 
adaptive signal processing in the adaptive filter 211 
(adaptive signal processing unit) or the like, ttie peak 
values Ai, Aa, A3 and A4 are removed from the spec- 
trum of tiie noise signal n© from tiie video tape recor- 
der having a built-in camera as wQI be understood 
firom figure 12. 

As described above, according to the fourth 
embodiment, ttie motor control signal is used as the 
reference signal n^ and ttie peak values Ai , Aa, A3 and 
A4 of ttie noise signal no are removed by ttie adaptive 
signal processing unit such as ttie adaptive filter 211 
or the like. As a result ttie noise signal no is properly 
reduced and thus the audio signal is satisfactorily 
reproduced. 

Afiftti embodiment of the microphone apparatos 
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according to the present invention will be descril)ed 
with reference to figure 13. In figure 13, like parts cor- 
responding to those of figure 8 are marked with the 
same references and therefore need not be described 

in detail. 

As noted above, even though the reproduced 
sound from the speaker contains, for example, both 
musical sound and noise, the human auditory sense 
generally cannot distinguish the noise finom the musi- 
cal sound if the volume of the nrtusical sound exceeds 
a certain level. 

Accordingly, In such case, the adaptive signal 
processing need not necessarily be made and it Is 
also appropriate to perfonm the adaptive signal pro- 
cessing only when the level of musical sound or the 
level of the audio signal S is below a certain level. 

Therefore, according to the fifth embodiment, the 
adaptive signal processing is performed only when 
the level of the audio signal (containing the noise sig- 
nal no) is below a certain threshold value. 

in that case, the level of the threshold value is 
properly selected or set In accordance with the kind 
(human voice, music and so on) of the audio signal S. 

As will be seen from figure 13, In the fifth embo- 
dbnent, the output of the microphone 203 is supplied 
to a level detector 215. wherein the level thereof is 
detected, and the ou^ut of the level detector 215 is 
supplied to an amplifier 217, changing the amplifi- 
cation factor |i of the amplifier 217. Then, the output 
ek of the adder 209 is amplified into (lek by the 
amplifier 217 and supplied to the adaptive filter 21 1. 

In this case, if the detected level Is large, the 
amplification factor n is made small, while if the detec- 
ted level Is small, the amplification factor |i is made 
large. 

According to the above arrangement, only when 
the level detector 215 detecte that the level of the sig- 
nal [S -I- no] is smaller than a certein threshold value, 
the adaptive signal processing is performed by the 
adaptive filter 21 1 or the like. 

Accordingly, this embodiment has the same 
effect as that of the preceding embodiments, and 
since no useless power or the like Is consumed, the 
adaptive signal processing can be performed effec- 
tively. 

While in the above embodimente the present 
invention has been described applied to the video 
tape recorder having a built-in cantera and also the 
auto-focusing motor, the zoom motor or the mechani- 
cal unit as the example of the vibration generating 
source, the present Inventton Is not limited thereto and 
may be applied to a standard tape recorder. 

According to the microphone appamtus of the 
present invention, as will be understood from the 
above descriptton, the vibration detected signal of ttie 
vibration firom the vibration generating source which 
generates noise within or exterior to the recorder is 
used for the reference signal, and the adaptive signal 



processing is perfonned. 

TTierefore, an unnecessary noise signal is suffi- 
ciently removed, thus the noise signal being properly 
reduced. 

5 Furthermore, in the microphone apparatus of the 
present Invention, the drive source control signal of 
the recorder is used torthe reference signal to thereby 
pertonm the adaptive signal processing. Therefore, 
the unnecessary noise signal Is reduced to a sufficient 

10 degree and thus the noise is properiy reduced. 



Claims 

IS 1. A microphone apparatus comprising: 

a microphone for produdng a desired 
audio signal; 

vibration detecting means for producing a 
vibration detected signal In response to a vib- 
20 ration of a vibration generating source which gen- 
erates a ^bration picked up by said microphone 
to produce an undesired noise signal; and 

an adaptive signal processing section 
amanged to be supplied with said vibration deteo- 
25 ted signal as a reference signal and operative to 
reduce said noise signal conteined in saki audio 
s^nal. 

Z A microphone apparatos according to daim 1, 
30 further comprising control means for controlling 
operation of said adaptive signal processing sec- 
tion in response to the level of an output signal 
from said miicrophone. 

S5 3. A microphone apparatos according to daim 2, 
wherein said conM means control said adaptive 
signal processing section such that said adaptive 
signal processing section is operated when the 
level of tite output signal from said microphone 

40 becomes smaller than a predetermined threshold 
value. 

4i A microphone apparatus comprising: 

a microphone for supplying a desired 
45 audio signal to a recording apparatos having a 
driving unit; and 

an adaptive signal processing section for 
reducing an undesired noise signal of noise gen- 
erated from said driving unit, picked up and pro- 
50 duced by said microphone on the basis of a 
predetennnined reference signal, wherein said 
adaptive signal processing section is arranged to 
be supplied vrltii a control signal supplied to a 
driving source of said drive unitassaki reference 
55 signal. 

5. A microphone apparatos according to daim 4, 
further comprising control means for contrdllng 
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operation of said adaptive signal processing sec- 
tion in response to the level of an output signal 
from said microphone. 

6. A microphone apparatus according to claim 5, 
wherein said control means Is operative to control 
said adaptive signal processing section such that 
said adaptive signal processing section Is oper- 
ated wlien the level of the output signal from said 
microphone becomes smaller than a predeter- 
mined threshold value. 

7. A recording apparatus having a recording 
mechanism for recording an output signal from a 
microphone, comprising: 

vibration detecting means for producing a 
vibration detected signal In response to a vib- 
ration of a vibration generating source which gen- 
erates a vibration picked up by said microphone 
to produce an undeslred noise signal; and 

an adaptive signal processing section 
arranged to be supplied witii said vibration detec- 
ted signal as a reference signal and operative to 
reduce said noise signal contained In said audio 
signal. 

8. A recording apparatuis according to dalm 7, 
furttier comprising control means for controlling 
operation of said adaptive signal processing sec- 
tion In response to the level of an output signal 
from said microphone. 

9. A recording apparatus according to dalm 8, whe- 
rein said control means is operative to control 
said adaptive signal processing section such that 
said adaptive signal processing section is oper- 
ated when tiie level of tiie output signal from said 
microphone becomes smaller than a predeter- 
mined threshold value. 

10. A recording apparatus according to dalm 10, 
wherein said noise detecting means is provided in 
tiie vidnify of a driving source which drives a 
moveable unit of said recording apparatus. 

11. A recording apparatus having a recording 
mechanism for recording an output signal firom a 
microphone comprising: 

an adaptive signal processing section for 
redudng an undeslred noise signal of noise gen- 
erated from said recording mechanism, picked up 
and produced by said microphone on the basis of 
a predetenmlned reference signal, wherein said 
adaptive signal processing section is an^nged to 
be supplied witti a conbol signal supplied to a 
driving source of said recording mechanism as 
said reference signal. 



12. A recording apparatus according to daim 11, 
fiirtiier comprising control means for contrdling 
operation of said adaptive signal processing sec- 
tion In response to tiie level of an output signal 

5 from said microphone. 

13. A recording apparatus according to daim 12, 
wherdn said control means Is operative to contrd 
said adaptive signal processing section such tiiat 

10 said adaptive signal processing section is oper- 
ated when the level of the output signal from said 
microphone becomes smaller ttian a predeter- 
mined tiireshold value. 

15 14. A recording apparatus according to claim 13, 
wherein said drive source is a motor and said 
reference signal is a control signal which Is sup- 
plied to said motor. 
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